Introduction
Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by insulin resistance resulting in increased blood glucose levels (BGLs). Poorly managed BGLs can lead to numerous health complications including cardiovascular disease, nephropathy, retinopathy, and neuropathy. [1] [2] [3] [4] [5] Diabetes affects approximately 6.7% of the US population, making it one of the most prevalent chronic diseases in the United States. 6 Accordingly, diabetes also places a substantial burden on the US health care system, with estimated annual direct and indirect costs totaling US$245 billion. 7 To optimize health care system performance, the Institute for Healthcare Improvement has developed the Triple Aim framework, calling for simultaneous pursuit of improving patient experience of care, improving health of population, and reducing per capita health care costs. 8 Achievement of the Triple Aim in chronic diseases like diabetes can be particularly challenging as effective treatment and management of T2DM can require numerous medications, therapies, and appointments with various health care providers, all of which can lead to increased health care costs. Despite these challenges, patients who are actively engaged in managing their disease may be able to substantially improve their quality of care while still reducing health care costs. 9 Therefore, achievement of the Triple Aim in diabetes may rely on effective patient-centered care to help empower patients to become self-managers of their disease. To achieve this goal, health care providers will need to understand the experience with T2DM from patients' perspective in order to assist patients to become their own health care advocates. Use of validated questionnaires to gain patients perspective into the challenges associated with management of T2DM is one of the first steps in this process.
Treatment for T2DM focuses on controlling BGLs to maintain metabolic function and slow disease progression. [1] [2] [3] [4] [5] Most patients require antihyperglycemic agents (AHA), in addition to self-care behaviors including healthy eating, being active, and diabetes monitoring, as part of their diabetes treatment regimen. 10, 11 Treatment approaches to manage BGLs change over time or with increased disease progression. Treatment guidelines now stress a patient-centered approach to AHA therapy, basing treatment choices on factors including patient preferences, needs, and values. 5, 10 Although several older agents, including metformin, remain preferred agents for patients with T2DM, the abundance of newer pharmaceutical agents for diabetes hold promise for improving glycemic control with a reduced self-care burden and lower risk of hypoglycemia or weight gain. These agents may be effective for patients who require treatment intensification or experience difficultly with weight management.
Approximately 85% of patients with T2DM are overweight or obese. 12 Aside from negatively impacting patient's health and activity levels, being overweight or obese also contributes to insulin resistance making it more difficult to manage BGLs and increasing patients' risk of diabetes complications. 13, 14 Moreover, some T2DM treatments can cause weight gain, which can negatively impact patient engagement in diabetes self-management practices, and exacerbate the weight issue already present. 12, 15 As a result, providers should consider patient weight, as well as their engagement in diet and exercise, when making choices on prescribing AHAs. Some of the newer AHAs, for example, the sodium glucose cotransporter-2 (SGLT2) inhibitors, can aid patients in weight management by assisting patients to lose 5-10 lbs, while still helping patients to manage their BGLs. Further, weight loss in diabetes is also associated with improved lipid profiles, improved blood pressure, regulation of BGL, and a reduction in cardiovascular risk factors. 5, 13, 14, 16, 17 The physical toll and chronic nature of diabetes can also impact patient health-related quality of life (HRQoL), potentially worsening the health care experience of some individuals. [18] [19] [20] Specifically, patients with diabetes report increased rates of anxiety and depression, presence of comorbidities, and an increased self-care burden. 18, 20, 21 Additionally, intensive treatment regimens including use of multiple medications or insulin have also been shown to diminish patient HRQoL due to the burden these treatments place on patients' daily lives. This interplay between HRQoL and treatment for T2DM highlights an interesting contradiction in diabetes, as treatment regimens, including pharmaceutical and lifestyle changes, aimed at improving HRQoL through improving patient's health can themselves inhibit patient HRQoL. 19, 20, 22 Although lifestyle changes are critical for T2DM management, the negative impact of diet and exercise plans on patient short-term HRQoL can overshadow the potential long-term positive effects of self-management, making these necessary lifestyle changes difficult for many patients to initiate and maintain. 13, 22, 23 Therefore, incorporation of pharmaceutical or other treatment regimens that can assist in improving patient health may instill greater drive for positive diabetes self-management behaviors in the patient through improving their HRQoL. Improvement in HRQoL stands to not only impact patient health but may also translate to cost savings in diabetes. Studies show that poor management of BGLs and the presence of diabetes-related complications dramatically increase health care costs of patients with T2DM. 24, 25 Therefore, comprehensive care regimens for patients with T2DM that can help to reduce the risk of developing diabetes-related complications stand to lead to substantial health care savings. 26 Tailoring treatment regimens to individual patient preferences, comorbidity, or lifestyle may also lead to an improved patient experience and outcomes, which could further incentivize patients to initiate and maintain good health behaviors and diabetes self-management regimens. 5, 27 The objective of this study was to examine the relationship between weight loss and patients' experience with T2DM; to address this objective, a panel of patients with T2DM prescribed canagliflozin, an SGLT2 inhibitor that has been shown to help patients with T2DM lose weight, were surveyed on various 
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Weight loss and patient experience in T2DM patients prescribed canagliflozin aspects of patient HRQoL known to be impacted by weight loss, including clinical factors, health satisfaction, diabetes self-management, and physical and emotional health. 15, 17, 28, 29 
Methods

Survey development
The literature on T2DM was reviewed to identify appropriate scales and items for inclusion in the final survey; focus was placed on validated surveys that assessed the impact of T2DM on patient's HRQoL, T2DM medication satisfaction, and diabetes self-management. Three established surveys, the Current Health Satisfaction Questionnaire (CHES-Q), Diabetes Treatment Satisfaction Questionnaire (DTSQ), and the Diabetes Distress Scale (DDS) were included in the final survey. [30] [31] [32] The CHES-Q was included to capture patient's level of satisfaction with their current physical and emotional health; with higher scores indicating greater health satisfaction. The DTSQ (DTSQ© Prof Clare Bradley) 30 assessed patient satisfaction with diabetes treatment; a total treatment satisfaction scale is reported along with scores from two items that assess the perceived frequency of hyperglycemia and hypoglycemia. Higher total DTSQ treatment satisfaction scale scores indicate greater treatment satisfaction, while lower scores on the two items assessing hyperglycemia and hypoglycemia indicate a reduced perceived frequency. The DDS evaluated patient level of distress by assessing the degree to which diabetes-related problems impacted patients' lives; a total score and four subscale scores are reported for the DDS, with lower scores indicating reduced distress. In the DDS a score of three or higher indicates a moderate level of distress. Additional items were generated for domains where validated survey items were not available. Engagement in lifestyle changes and satisfaction with medication were assessed through multiple response items that queried patients exercise, diet, and weight loss routines and their satisfaction with their current medication as compared to their previous oral or injectable AHA, respectively. For clinical factors patients were asked whether their diabetes health care provider told them that their A1c, blood glucose, or blood pressure improved, stayed the same, or got worse over the last 3 months.
An advisory panel, composed of an endocrinologist and patients with T2DM, reviewed the survey to ensure clarity of items and appropriateness of domains. All panel participants completed the survey along with a debriefing interview that focused on item definition and clarity, relevance of included domains, time to completion, and overall understanding of the survey. Participant comments approved by the survey development team were used to finalize the survey. The final questionnaire was composed of three validated scales and 21 new items that queried patient demographics, T2DM medication history, diabetes and weight management, and satisfaction with AHAs.
Participants
The results presented here are part of a larger study assessing the impact of treatment satisfaction and HRQoL in T2DM. Patients included in this analysis were required to be aged ≥18 years at the time of survey completion, have a diagnosis of T2DM (self-reported), have a current prescription for canagliflozin, and have been taking canagliflozin for a minimum of 3 months.
Recruitment and administration
Recruitment of participants took place from September 2015 through January 2016. Patients were recruited to complete the survey through emails and postings in physician offices, pharmacies, and T2DM community message boards.
This study was approved by the Chesapeake Institutional Review Board. All surveys were administered online using a point and click survey interface. All participants were required to complete an electronic informed consent that was presented prior to the online survey. The first portion of the survey served as an eligibility module, which excluded ineligible patients from the survey based on inclusion/exclusion criteria. All eligible patients who completed an informed consent form and the survey were remunerated US$50 for their time in survey completion; patients were only eligible to complete a single survey.
Statistical analyses Bivariate analyses
Patient demographics and characteristics including gender, age, ethnicity, region of residence, insurance type, disease duration, medication use, and the presence of select comorbidities were reported as frequencies and percentages for the sample. As the focus of this study was to assess the impact of weight loss on patients' experience with T2DM, the remaining analyses placed patients into one of five self-reported weight change groups: Lost >10 lbs, Lost 5-10 lbs, Lost <5 lbs, No Change, and Gained Weight. The weight loss categories were selected as the weight loss of 5-10 lbs has been shown to be associated with the improvement of many clinical indicators in T2DM. 5, 13, 14 To test for significant differences among the five weight groups, one-way analysis of variance (ANOVA) was used for the normally distributed continuous 
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Gerlanc et al variable body mass index (BMI). One-way median analysis was used to assess differences in CHES-Q scale scores, DTSQ, and DDS scores, which did not evidence a normal distribution. Kruskal-Wallis tests were used for ordinal categorical variables including age category, disease duration, and medication use, and chi-square tests of equality of proportions were used for the remaining binary categorical variables including patient demographics and characteristics, medication satisfaction and patient engagement items, and the clinical factors. For all bivariate analyses, significant omnibus tests were followed by the appropriate pairwise post hoc tests (t-test for ANOVA; median two-sample test for median analysis; Kruskal-Wallis and pairwise chi-square for chi-square tests) to identify specific group differences. As this study was exploratory in nature and not aimed at hypotheses testing, the critical value for significance was not adjusted for multiplicity. 33 Pearson's correlations were also calculated between the weight grouping variable and the summary scores from each of the validated surveys, allowing for a comparison of the relationship between each individual group's validated survey scores to the balance of the sample.
Multivariate analyses
General linear multivariable regression models were constructed for scores from each of the established surveys, CHES-Q, DDS, and DTSQ, and the clinical factors. For each model, the dependent variable was regressed onto the same vector of covariates, which included weight change group, patient demographics of age, gender, insurance status, ethnicity, comorbid diagnoses, and current concomitant AHAs. Weight group served as the primary independent variable with the Gained Weight group serving as the reference category. The Wald test was used to determine significance in the general linear models.
For analyses in which normality was an assumption, distributions for dependent variables were tested for normality based on skewness and kurtosis statistics. For all statistical modeling, the critical alpha level was set at 0.05. All data management and analyses were conducted using SAS v9.4 (SAS, Cary, NC, USA).
Results
A total of 205 canagliflozin-treated patients qualified for the study and completed the survey; overall sample demographics were largely representative of the national T2DM population. 6 There was a slightly greater representation of females than males in the sample (51.2% vs 48.8%; Table 1 ). Patients were primarily middle aged, with 74.1% of the sample 
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Weight loss and patient experience in T2DM patients prescribed canagliflozin reported being Asian/Pacific Islander (3.4%), multiracial (2.0%), or American Indian/Alaskan Native (1.5%). The south (44.4%) was the geographic region with the greatest representation, and approximately half of the sample received health insurance through their employer (48.8%). The mean BMI for canagliflozin patients was 32.5 kg/m 2 , indicating a moderately obese sample (Table 1) . Overall, 90.2% of the sample reported having at least one comorbidity, with the most commonly reported comorbidities being hypertension (43.4%), hyperlipidemia (35.6%), and joint/chronic pain (30.2%). Approximately half (55.6%) of the sample had a diagnosis of T2DM for 1-5 years, 19.0% had T2DM for 6-10 years, and 22.0% of the sample had T2DM for >10 years. The majority of the patients (68.3%) had been taking canagliflozin for less than 1 year (Table 1) .
Few demographic differences emerged between weight groups ( Table 2) . Patients in the Lost >10 lbs group were older than the other weight groups, and patients who lost weight were significantly more likely to have insurance through their employer compared to patients whose weight did not change or who gained weight. Treatment and health satisfaction levels, as measured by the CHES-Q and DTSQ were generally similar across groups (Table 3) , although the Lost >10 lbs group demonstrated a significantly lower perceived frequency of hyperglycemia compared to the remaining four weight groups on the DTSQ (Table 3) . Differences in diabetes distress emerged between weight groups on the DDS with the Lost >10 lbs group exhibited a significantly lower scores for the total DDS as well as the emotional burden and physician-related distress subscale scores (Table 3) . Further, the Lost >10 lbs group was the only group not to evidence a moderate level of distress, indicated by a score of ≥3 on the DDS total or subscale scores (Table 3) .
Pearson's correlations were also calculated between the weight grouping variable and the summary scores from each of the established surveys, allowing for a comparison of the relationship between each individual group's established survey scores to the remaining groups in the sample (ie, Gained Weight vs other for groups). Reporting a loss >10 lbs was significantly correlated with a lower total DDS score (-0.166, p=0.017), indicating a decreased level of distress; decreased emotional (-0.174, p=0.013), physician-related (-0.154, p=0.028), and regimen-related DDS subscale scores (-0.167, p=0.017; Table 5) , indicating a reduced level of distress in each of these three areas, were also significantly correlated with losing >10 lbs. A similar analysis of DTSQ scores that revealed a lower perceived frequency of hyperglycemia (-0.271, p<0.0001) and hypoglycemia (-0.153, p=0.028) was also significantly correlated with reporting having lost >10 lbs.
Regarding other health-related behaviors, patients who lost weight trended toward greater participation in weight management, exercise, and diet plans compared to patients who gained weight or whose weight remained the same (Table 4 ). The Lost >10 lbs group was significantly more likely to be engaged in a weight loss program for a period of at least 6 months compared to the other four groups (p<0.05; Table 4 ). In addition, patients who lost weight were generally more likely to report improvement in clinical variables of A1c, BGLs, and blood pressure. Patients in the Lost >10 lbs and Lost 5-10 lbs groups were significantly more likely to have improved A1c levels compared to patients who gained weight, while patients in the Lost >10 lbs group also showed significant improvement over patients with no weight change ( Table 4) . BGLs were also improved with weight loss, and patients in the groups that the Lost >5 lbs group showed a significant improvement compared to patients in the Lost <5 lbs or Gained Weight groups. Weight loss was also associated with improvement in blood pressure, especially in the Lost 5-10 lbs group. Patients who lost at least 5 lbs were also significantly more likely than other weight groups to report that canagliflozin was much better than their previous oral AHA. Additionally, there was a trend toward patients who lost at least 5 lbs to rate canagliflozin as better or much better than their previous injectable AHA; although, one quarter of the sample reported no previous use of injectable medications compared to <4% for oral medications.
Bivariate comparisons were also examined in regression models controlling for patient and treatment characteristics; for these analyses the weight gained group served as the reference group. Losing >10 lbs was a significantly associated with reduced distress on the DDS Total Score and the emotional burden and regimen-related distress subscales (p<0.05). Older age was also significantly associated with lower levels of diabetes distress, while concomitant use of DPP-4 or sulfonylureas was significantly associated with greater distress (p<0.05). In addition to decreased distress, losing >10 lbs was significantly associated with improved A1c and BGLs, whereas losing 5-10 lbs was significantly related to improved BGLs and blood pressure (p<0.05). Finally, losing >10 lbs and older age were both associated with decreases in the perceived frequency of hyperglycemia.
Discussion
Weight management is a major component of patient's experience with diabetes care. The majority of patients with T2DM are overweight or obese, and this additional weight can lead to increased insulin resistance and increased risk for micro-and macrovascular complications. [1] [2] [3] [4] [5] 13, 14 Although diet and exercise are suggested for all patients with T2DM, many patients continue to struggle with weight management in part due to undesirable metabolic effects of some AHAs. 13, 15 Canagliflozin is the first in the newest class of AHAs, SGLT2
inhibitors, that is proven to significantly lower A1C in adults with T2DM. SGLT2 inhibitors work by blocking glucose reabsorption in the kidney, which results in excretion of glucose and its associated calories in the urine. This mechanism of action lowers BGLs and may cause moderate weight loss. 34, 35 This study assessed the impact of moderate weight loss on two dimensions of the Triple Aim framework, patient 
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Weight loss and patient experience in T2DM patients prescribed canagliflozin experiences and self-reported outcomes, among patients with T2DM prescribed canagliflozin for at least 3 months. Specifically, patient health, treatment satisfaction, and engagement in lifestyle changes were assessed based on reported weight change since initiating canagliflozin.
Overall the sample was largely representative of the population of patients with T2DM. Patients were moderately obese with a mean BMI of 32.5 kg/m 2 , suggesting that weight management was an issue for most patients. The majority of patients had been diagnosed with T2DM for 1-5 years and had been taking canagliflozin for <1 year, which is consistent with its time on the market at the time of data collection for this study. The majority of patients (66.8%) in this study reported some weight loss since initiating canagliflozin, which is consistent with findings in clinical trials. [34] [35] [36] Patients taking canagliflozin who reported losing weight exhibited better emotional and physical health compared to patients who did not report weight loss. In particular, patients who lost >10 lbs had significantly lower diabetes distress scores compared to the Lost <5 lbs, No Change, and Gained Weight groups. These patients also reported a lower perceived frequency of hyperglycemia compared to the other four weight groups, suggesting that patients who lost >10 lbs were more adept at managing BGLs. Additionally, any weight loss was generally associated with improvement in patient's physical health, as quantified by self-reported improvements in BGLs, blood pressure, and A1c. In particular, BGLs were significantly improved in the sample of patients who lost >5 lbs in multivariate regression analyses, supportive of the trend toward reduced hyperglycemia observed in a portion of this group. Regression analyses also revealed significant improvement in A1c levels, within the Lost >10 lbs group. The finding of improved A1c levels only in the group of patients who lost the greatest amount of weight potentially points to an extended duration of positive self-management behavior in this group, as A1c levels do not change as rapidly as BGLs. The improvement in physical health with use of canagliflozin observed here, including weight loss and improvements in BGLs, blood pressure, and A1c, have been previously reported in clinical trials. 34, 36 The additional relationship demonstrated between weight loss and improved emotional health, as assessed by the reduction in distress, indicates that improvement in patient physical health stands to lead to improvement in multiple aspects of patient experience and outcomes with T2DM.
In addition to their gains in physical and emotional health, patients who lost weight also showed a trend toward increased engagement in lifestyle changes and increased satisfaction with canagliflozin. Patients who lost >5 lbs were significantly more likely than patients in the No Change or Gained Weight groups to have been engaged in a weight loss plan for at least 6 months. This trend toward increased participation in a weight loss plan was continued between the Lost >10 lbs group compared to patients in the Lost 5-10 lbs or Lost <5 lbs groups. Similarly, trends for increased participation in diet and exercise regimens were also observed for patients who reported weight loss compared to those who did not. 
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Weight loss and patient experience in T2DM patients prescribed canagliflozin Table 5 Correlations between weight groups and scale scores These findings of increased engagement in lifestyle changes in the population of patients taking canagliflozin who lost weight may indicate that success in meeting lifestyle goals may initiate a positive feedback loop that promotes ongoing good health behaviors. Furthermore, the differences observed within the weight loss groups between patients who lost some weight (<10 lbs) compared to patients in the Lost >10 lbs group lends additional credence to the idea that a change in patient health can initiate long-term positive health behaviors as patients who lost the most weight were engaged in lifestyle changes for an increased duration. In addition to engaging in more positive health behaviors, patients who lost weight showed increased satisfaction with canagliflozin compared to previous oral and injectable AHAs. Other studies have also shown this relationship between weight loss and increased satisfaction, improved quality of life, or positive health outcomes. 15, 17, 37 The results of this survey confirm many of these findings and demonstrate additional links between weight loss, medication satisfaction, engagement in self-management behaviors, and positive physical and emotional health outcomes within a sample of patients with T2DM prescribed canagliflozin. These findings mirror those of other studies of patients with T2DM prescribed canagliflozin that found improved HRQoL and greater physical and emotional health satisfaction with weight loss ≥5 lbs. 15 There are several limitations of this study. The crosssectional design makes it difficult to assess the direct impact of losing weight on patient's motivation to maintain lifestyle changes over time. The trend toward greater weight loss, improved diabetes self-management behaviors, and improved blood glucose management observed in this study suggests that the two may be related and is consistent with other studies that link weight loss and self-management behavior, 15 although it was not feasible to assess causality in this study. Further work is certainly needed to confirm the directionality between weight loss and the positive lifestyle changes and patient outcomes observed within the population with T2DM; a greater understanding of the impact of weight loss on patient's long-term diabetes self-management behaviors is also of interest. Additionally, the impact of other concomitant medications, both for T2DM and other comorbidities, was not addressed in this study. Therefore, weight loss observed in this study cannot be attributed specifically to canagliflozin, but to a treatment regimen containing canagliflozin. Similarly, the potential impact of other medications on weight gain, despite inclusion of canagliflozin in a patient's treatment regimen cannot be ascertained. Along a similar line, the relative impact of detailed patient factors, for example, education level or socioeconomic status, may also be confounding factors. Our finding that patients in the Lost >10 lbs group were more likely to have employer-sponsored insurance may point to an interaction between weight management and socioeconomic status within a population of patients with T2DM. Additional study into treatment and patient-related factors that influence weight management is certainly warranted within a T2DM population. Finally, this survey took all comers and results presented here only include patients who were prescribed canagliflozin; therefore, the findings reported may not generalize to all populations of patients with T2DM.
Although there are various medications to assist patients with T2DM in regulating their BGLs, lifestyle changes remain a critical factor in the management of T2DM, especially for overweight or obese patients. The American Diabetes Association and the European Association for the Study of Diabetes endorse an individualized treatment approach that accounts for each patient's specific comorbidities, attitude and expected treatment efforts, and support system, among other factors. 5 The variety of available AHAs have different risk/benefit profiles designating some agents more appropriate for subsets of the population of patients with T2DM. For example, weight gain is a side effect of multiple AHAs, making them a poor choice for patients having difficulty with weight management. 12 In these cases, choices of agents that are weight neutral or help with weight reduction may assist patients in initiating and maintaining lifestyle changes. This assistance could be especially helpful in treating patients with T2DM who are having difficulty managing their weight with diet and exercise. 12, 38, 39 This study demonstrates that weight loss is associated with positive diabetes self-management behaviors, improved patient outcomes, and reduced distress among patients with T2DM using canagliflozin. Taken together, these findings indicate that success within one area of diabetes management, for example, weight loss of 5-10 lbs, may be associated with patients' overall experience and outcomes, which is critical in achieving two dimensions of the Triple Aim, improving patient experience of care and improving health of populations. Further studies are warranted to assess the impact of moderate weight loss, on the third dimension of the Triple Aim, reducing per capita health care costs.
